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OptimumLevelofDevelopment
inaResidentialArea'
HiroyoshiKozu
Wefirstderiveafunctiontoestimatetheexternaleffectstothe
householdfrommaximizingthehousehold'sutilitysubjecttoa
budgetconstraint.Then,thederivedfunctionisappliedtoresidential
dataforthebiggestmetropolitanareainJapan.Finallyappling
cost-effectivenessanalysistothedeveloperofpublicutilities,an
optimumdevelopmentcostfunctionissimulated.Wefindthatthe
developermustincreasetheoptimumdevelopmentcosttoreachthe
fifthlevel,butfromthislevel,candecreasecostgradually.This
impliesthattheoptimumcostforrenewalinthecentralcityishigher
thanfordevelopmentinsuburbs.Inaddition,thedevelopermust
havehigherdevelopmentcostsinordertodeveloptheresidentialarea
withhigherexternality,i.e.,higherdevelopmenteffects.
1.INTRODUCTION
Thetraditionalframeworkforthecost-benefitmethodintheurban
areaisduetoRothenberg[1965,1967]whocarriedoutanexpost
evaluationofthreeurbanrenewalprojectsinChicago.Asrepresent-
ativemethodstoevaluatethebenefitinresidentialarea,benefitcanbe
1Thispaperisbasedondiscussionpaperatthe7thApplied
RegionalScienceConference,20,21November1993inUniversityof
Tohoku,Japan.IthankDr.Meenforhelpfulcomments.
1 一167一
measuredasthechangeinconsumer'ssurplususingaMarshallian
demandcurveoralternatingbytenantbenefitusingtheHicksian
priceequivalent.TheformerisstudiedbySumka&Stegman[1978)
andKraft&Kraft[1979],whilethelatterhasbeenstudiedbyDeSalvo
[1971,1975].Hemeasuredbenefitfromanindirectutiltyfunction
derivedfromaCobb-Dougrasutilityfunctionandappliedthemethod
foraNewYorkcity.Inaddition,Murray[1975]andOlsen&Barton
[1983]estimatedbenefitfromsampledataonpublichousingtenants
byapplingDeSalvo'smodel.Flowerdew&Rodriguez[1978]used
contingentvaluationasanalternativemethodoftheHicksianmeas-
uretoestimatethebenefitfromreplacingapartofVictorianresiden-
tialpropertieswithcouncilhousing.Recently,thewaytomeasure
benefitinresidentialareasisconsideredbyHammond[1987]and
Schofield[1987].
Fromtheabovestudies,wefirstconstructaresidentiallocation
modelbasedonAlonso[1964]andMuth[1969],usingthehousehold's
utilityfunctionincludingthelevelofexternalitiesasHicksneutral.
Thenfromtheutilitymaximumconditions,afunctionforhousehold
externalitiesisderivedandthederivedfunctionisappliedtoresiden-
tialdataforthebiggestmetropolitanareainJapan.Finallywe
developoptimumcostfunctionforcost-effectivenessanalysisfor
developersofpublicutilities,whichissimulated.
II.THEMODEL
Theresidentiallocationmodelisbasedonthefollowingassump-
tions:
(1)Householdutilityfunctioniscomposedofanexternaleffectz,
2Thisindicateslevelofexternaleffectconcerningurbanization
economiessuchastransportationserviceorexistofcitypark.
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compositegoods3andsitearea.Theutilityfunctionisexponentialin
formandhomogeneousofdegreeone.
(2)Thehouseholdbudgetiscomposedofexpenditureonthecompos-
itegoodsandrent.
Undertheseassumptions,thehousehold'sutilityfunctionisrepre-
sentedas
u=A(d)zaga,(α+β=lfromassumption(1))(1)
whereA(d)istheexternality,dislevelofdevelopment,zisquantity
ofthecompositegoods,4iss玉tearea,αandβaretheelastic孟tiesofz
andqrespectively.
Thebudgetconstraintisgivenas
v=ρ 夷+r(d)9,(2)
whereyisincome,pZispriceofthecompositegoods,r(d)isrentofthe
apartmentpersitearea.
Theninordertomaximiaehousehold'sutility,weformtheLagrang-
ianexpression
ム;A(d)ガ9β+λ(y一 ρ謁 一7(d)9).(3)
Firstorderconditionsareasfollows:
8L __A'(d)u‐fir'(d)q=0 ,(4)adA(d)
aL
8z一 号 π 一 λ姦 一 ・,(5)
a94
3Compositegoodsherearecomposedofevery
goodsexceptfor"sitearea".
consumplion
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aL =Y-jρ 夷 一7(d)4;0.(7)∂λ
Fromequation(5)and(6),
(α+β)u=u=λ(ρ 霧+r(d)4).(8)
Inaddition,substitutingequation(7)intoequation(8)
u=λy.(9)
Thendividingequation(4)byequation(9),
A'(d)_y(d)q(10)
A(d)y
Integratingequation(10)byd,
logA(d)=r(1)q(r(d)1
y¥r(1)‐
or
A(d)一⑳(r(1)4(r(d)1
r(1)))(11)
wheredevelopmentatthefirstlevelA(1)isexpressedasoneunit.
F・・th・m・・e,F・m・quati・n(11),if・<r'
r((d1))・nd写((d1))<・・th・n・
<A'(d)andA"(d)<0.Hereassumingthatthedevelopmentcostper
householdisonlydeterminedbythelevelofdevelopment,whose
functionislinear,thefunctioniswrittenas
C(d)=C(1)+△(d-1),(12)
whereC(1)isthecostofdevelopmentatthefirstlevelperhousehold
andOisthedevelopmentcostperlevelofdevelopment.Then
calibratingequation(12)byreconstructingtheprojecteddataasC(1)
二loneunitcostperhousehold,wehave
c(d)=1十 δ(d-1).(13)
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Anddividingequation(13)byc(1)(=1)tounifyeachscaleofc(d)and
A(d),
c(d)__1
c(1)+scdc(1)-1)一 ∂(d)-1+δ(d-1)・(14)
Consequently,A(d)andc(d)canbeshownbyFigure1.
A(d)c(d)
Fromthepointofviewofcost-effectivenessanalysis,theoptimum
levelofdevelopmentisdeterminedatthepointwhereA'(d)=c'(d),
thatis,d*.Inthecasewithoutconstraintsoncostandurbanplanning,
thelevelisd'andinthecaseofeachstrictconstraints,thedevelop-
mentmaybed".
Next,fromequation(11)andequation(14),theoptimumdevelopment
conditionisA'(d)=c'(d);accordinglytheoptimumlevelofdevelop-
mentisderivedbysolving
(r(1)q(r(d)r(1)-1))(r(1)qy(d)y r(1))・xp(r(1》4(r(d)r(1)-1))一δ(15
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Hereafterwecallequation(15)'theoptimumdevelopmentcost
function'andS`theoptimumdevelopmentcost'.However,itshould
benotedthat8denotesvaluewithoutmeasure.
III.SIMULATIONANALYSIS
Inthissection,weattemptsimulationanalysisfortheoptimum
developmentcostfunction.
Firstestimatingr(d)/r(1)fromdataonresidentiallocationofTokyo-
towhichisinthebiggestmetropolitanareainJapan,bysubstituting
distancetotheCBDfordundertheassumptionthatthedistanceto
CBDisinproportiontolevelofurbanizationdevelopment,
r(d)=do.z(16)
r(1)
InestimatethecorrelationcoefficientisO.762,thetvalueis8.066and
thenumberofcitiesis49.
Substitutingequation(16)andwhichisaveragevalueinJapanfor
equation(15),
0.0184峨8(d°'2-1)exp(0.3(dα2-1))=δ. (17)
Equation(17)isshowninFigure2.Theoptimumdevelopmentcost
increasessteeplyuptothefifthlevel,butfromthatlevel,thecost
decreasesslowlyasthelevelrises.Thissuggeststhatthedeveloper
mustincreaseoptimumdevelopmentcosttoattaindevelopmentat
thefifthlevelincost-effectivenessanalysis,butfromthatlevel,can
decreaseitgradually.
r(1)inthecentralcityishigherthanintheThenbecausegenerally
Y
suburbs,assumingthatA(d)isconstant,r(1)=0.4inthecentralcity
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r(1)
and=0.2insuburb,theoptimumdevelopmentcostfunctionin
ニソ
thecentralcityishigherthaninsuburbsasshownbyFigure3.This
suggeststhattheoptimumcostforrenewalinthecentralcityis
higherthanfordevelopmentinthesuburbsiftherenewalandthe
developmentareexecutedbythesameplanandsameprocedureat
thesametime.
r(1)i
sconstantandconsideringresidentialFinally,assumingthat
y
areaswhichhavedifferentelasticitiesofutilitywithrespecttothe
levelofdevelopment,i.e.,A(d)=do.2andA(d)=・do.3,theoptimum
developmentcostfunctioninaresidentialareawithA(d)=do.3is
higherthanthatinaresidentialareawithA(d)=dO'2asshownby
Figure4.Thissuggeststhatthedevelopermusthavehigherdevelop-
mentcostsinordertodevelopresidentialareaswithgreaterexternal
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effects,i.e.,greaterdevelopmenteffectsifthedevelopmentsareex-
ecutedbythesameplanandsameprocedureatthesametime.
IV.CONCLUDINGREMARKS
Takingaccountoftheresidentiallocation,wefirstspecifiedan
exponentialutilityfunctiontoincludeHicksneutralexternalities
effect.Second,wederivedafunctiontoestimatelevelofhousehold
externalitiesfromconstraintutilitymaximization.Third,thederived
functionwasappliedtocost-effectivenessanalysisfordeveloperof
publicutilities.Finally,usingresidentialdataonthemetropolitan
areainJapanandassumingalineardevelopmentcostfunction,the
optimumdevelopmentcostfunctionwassimulated.Wefoundthat,
first,thedevelopermustincreaseoptimumdevelopmentcostuptothe
fifthlevel,butfromthatlevel,candecreasecostgradually.Secondthe
optimumcostforrenewalinthecentralcityishigherthanthatfor
developmentinthesuburbs.Thirdthedevelopermusthavehigher
developmentcostsinordertodeveloparesidentialareawithhigher
externaleffects,i.e.,higherdevelopmenteffect.Furthermore,itis
possibletomakeaplanforthedevelopmentofanewtownor
transportationsystembythismodelandtoanalyzeoptimumtiming
ofdevelopmentbyreplacingthelevelofdevelopmentbythetimingof
development.Howeveritshouldbenotedthatthesolutionofthe
optimumdoesnotexistinthecasewhererelativecostfunctionis
greaterorequaltotherelativeeffectivenessfunction.Infuturework,
inordertoapplythemodelnotonlytopublicutilitydevelopersbut
alsoprivatedevelopers,weneedtoconstructcost-effectivenessmodel
throughgeneralequilibriumanalysisandfromanon-lineardevelop-
mentcostfunction.
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